
HETEROSTYLYIN MITCHELLA REPENS(RUBIACEAE)

Christine: R. Keegan 1

, Robert H. Voss,

AND KAMALJIT S. BAWA

Heterostyly in its broadest sense refers to a morphological

property of some plants whereby flowers on individuals of the same

species have stamens and styles of two or three different lengths. In

the simpler form, distyly. some flowers have long stamens and short

styles, while others have short stamens and long styles. Darwin

(1897) referred to long-styled flowers as "pins" and to short-styled

flowers as "thrums"; Hildebrand in 1867 had already proposed that

the reciprocal placement of stamens and styles on different flowers

facilitated cross-pollination by insects.

Heterostyly commonly follows either of two evolutionary path-

ways (Vuilleumier, 1967; Bir Bahadur, 1968), one leading to dioecy

and subdioecy, and the other leading to homostyly and self-

compatibility. Indeed, for Mitchella repens, a trailing herbaceous

perennial common in North American temperate forests, all three

conditions (heterostyly, dioecy, and homostyly) have been reported.

Darwin (1897) described specimens of Mitchella repens sent to

him by the American botanist Asa Gray as being heterostylous and

self-incompatible. He detailed the results of controlled pollinations

he performed on individuals of both morphs —those he referred to

as "legitimate" crosses [pin (P) X thrum (T) and T X P] resulted in a

high level of fertilization, while "illegitimate" crosses (P selfed, P X

P, T selfed, T X T) gave few fruits, and fewer seeds per fruit; ".
. .

Thus the two legitimate unions are more fertile than the two

illegitimate, according to the proportion of flowers which yielded

berries, in the ratio of 100 to 20; and according to the average

number of contained seeds as 100 to 47." It is not possible to

ascertain from Darwin's work if the incompatibility was sporophy-

tically or gametophytically determined.

Thomas Meehan (1868) reported that a population of Mitchella

repens in Pennsylvania, while morphologically heterostylous, was

functionally dioecious: ".
. . the pistil in the one case is not perfect.

'Present address: Biological Laboratories, Harvard University. Cambridge. Mas-
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and in the other the anthers are mere rudiments, without a trace of

pollen. The two forms are truly male and female plants."

(landers (1975) described a case of homostylous Mitchella repens

intermixed with a population of heterostyles in Maryland. Con-

trolled pollinations indicated that the homostylous flowers were

functionally thrums, and self-incompatible, in contrast to most

cases of homostyly derived from heterostyly (Ernst, 1955). "Legiti-

mate" crosses (P X T, P X H, T X P, H X P) gave 93% fruit set, while

only 7% of the "illegitimate" crosses (T X T, T selfed, P X P, P

selfed, H X H, H selfed, T X H, H X T) produced fruits.

In light of these varying descriptions of Mitchella repens' floral

morphology and compatibility relations, we decided to study the

breeding system of a heterostyled population in northeastern Mas-

sachusetts. We had three objectives:

1) To verify the presumed incompatibility system and determine

its type (sporophytic or gametophytic).

2) To measure degrees of "maleness" and "femaleness" of the two

morphs, differences in which would demonstrate the pro-

gression from heterostyly to dioecy.

3) To examine pollen flow in relation to the dispersion of pins and

thrums, which frequently are patchily distributed.

MAI ERIALS AM) METHODS

Mitchella repens is a trailing evergreen perennial common in

North American temperate forests from Newfoundland south to

Florida and west to Texas and Minnesota. Its white or pink flowers,

with four-lobed corollas, occur in terminal pairs with the ovaries of

each pair united. Thus, each pair of flowers produces one fruit, a

bright red berry with a maximum of 8 seeds. Sometimes smaller, 4-

seeded fruits occur; these are probably the result of pollination of

only one flower. All flowers on a particular plant are of the same

morph.

Our field work was done at the Hstabrook Woods of Harvard

University in Concord, Massachusetts. The Mitchella we sampled

grew under predominantly white pine-red maple canopies in a pine

needle litter of about 2 cm. depth. Our sample areas were covered

almost exclusively by Mitchella repens, but this species commonly
grows intermixed with such woodland species as Pteridium acptili-

num, Dryopteris spp., Copt is groenlandica, Aralia nudicaulis,

1'rientalis horealis and Vaccinium spp.
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In order to see if the plants are self-compatible and to determine

the nature of the incompatibility system, we brought unopened

flowers to the laboratory and did controlled pollination of all six

possible types:

1) Pin X thrum

2) Thrum X pin

3) Pin selfed

4) Pin X pin

5) Thrum selfed

6) Thrum X thrum

The total number of plants used for the controlled pollinations was

15. All flowers which opened on a plant, usually 2 4. were used, for

a total of 45 crosses.

Flowers were left overnight after pollination, and the following

afternoon we detached the styles, fixed them and stained them with

aniline blue using the techniques described by Martin (1958). After

treatment in this manner, pollen tubes fluoresce under ultraviolet

light. Weexamined each style under a microscope equipped with an

ultraviolet light source to determine the extent of pollen tube

growth.

Our measurements of "maleness" and "femaleness" were based on

the fact that bisexual flowers often differ in the proportions of their

gametes which they transmit to the next generation via pollen and

ovules, and thus, sexuality is a quantitative, not a qualitative

property (Lloyd, 1979a). In populations of heterostylous self-

incompatible plants, the number of ovules fertilized is an indication

of the "femaleness" of pins and the "maleness" of thrums, while the

number of thrum ovules fertilized is a measure of "femaleness" of

thrums and "maleness" of pins (Lloyd. 1979b). In order to quantify

gender in Mitchella repens, we marked 95 pins in 5 plots and 191

thrums in 6 plots, each of which was approximately 0.25 m2 in area,

and after the fruits had developed, we counted the number of fruits

produced and the number of seeds per fruit for each morph.

In order to study the relationship of plant dispersion to pollen

flow, we marked pins and thrums in homogeneous and hetero-

geneous plots, and subsequently observed fruit set in each morph as

a function of proximity to the other morph. Wealso collected open

flowers from several homogeneous and heterogeneous patches in

order to examine the styles for differential pollen tube growth.
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Figure 1. Photomicrographs ol pollen tube growth in Milchella repens (X 630).

a. Normal pollen tube growth in stigma and b. style in a compatible pollination

c. Inhibition ol pollen tube growth in stigma, idicative of sporophytic incompati-

bility (i. \bsence ol pollen tube growth in style in an incompatible cross.
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RESULTS

Controlled pollinations indicate that heteromorphic crosses are

compatible and homomorphic crosses are highly incompatible.

Microscopic examination of stained styles with a UV light source

disclosed extensive pollen tube growth down the stylar tissue in

heteromorphic crosses, and either failure of pollen to germinate or

early inhibition of pollen tube growth in homomorphic crosses

(Table 1; Fig. 1). Hence, our population of Mitchella repens

appears, as Darwin's did, to be both heterostylous and self-

incompatible. In addition, the incompatibility appears to be sporo-

phytically determined (see Discussion).

The number of fruits produced by each morph as well as the

number of seeds per fruit indicate that there is no sexual differenta-

tion between pins and thrums. Of the marked pins, 96.8% produced

fruits, while 96.3% of the thrums fruited (Table 2). The average

number of seeds produced in pins was 6.7 ± 1 .5. and that in thrums

was 6.9 ± 1.4 out of a possible maximum of 8. A Mann-Whitney Li-

test for large sample sizes discloses no significant difference between

the morphs in the number of seeds set per fruit (t = 0.771).

Because fruit production in homomorphic patches was nearly

100%, it appeared that pollen flow as influenced by plant dispersion

was of negligible importance in effecting ovule fertilization. This

finding obviated the necessity of examining styles from homo-

geneous patches for differential pollen tube growth.

DISCUSSION

A simple examination of our Mitchella repens samples indicates

that we are not dealing with a morphologically dioecious species as

Table I. Success of controlled pollinations as evidenced by

presence or absence of pollen tubes

1' ollen tubes Pollen tubes

No. of crosses present absent

Pin X Thrum 14 14

Thrum X Pin 9 9

Pin X Pin 2 o 2

P selfed 5 5

Thrum X Thrum s 8

T selfed 7 7
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Table 2. Fruit production and seed set in open-pollinated plots

No. of No. and (%) Seeds per

flower pairs of fruits fruit

95 92 (96. X) 6.7 ± 1.5

l<)| 184 (96.3) 6.9 ± 1.4

Pins

Thrums

described by Meehan; neither pins nor thrums have pistils or

anthers which could be termed rudimentary. Our controlled pollina-

tions verified that indeed, pins and thrums are functionally perfect.

Furthermore, all legitimate crosses were compatible and all illegiti-

mate crosses were incompatible (Table 1); thus, Mitchella repens is

sell-incompatible in this region. These results arc consistent with

those of Darwin and Ganders, although they both reported some

seed set from illegitimate crosses (Darwin, 1897; Ganders, 1975).

However, our incompatibility studies were based on a rather small

sample si/e (although comparable to that of Darwin), and addi-

tional sampling will be necessary before definitive conclusions can

be made. If Median's finding of a dioecious population of Mitchella

repens is confirmed, then this species will represent the only case in

which both self-incompatible heterostyly and dioecy have been

documented.

The barrier to pollen tube growth in Mitchella repens is in the

stigmatic tissue, as illustrated in Figure I. This is an indication that

the incompatibility is sporophytic, as is usually the case in distylic

plants (Pandey, 1970). However, to the best of our knowledge, this

is the first demonstration of the association between the sporophytic

incompatibility system and heterostyly based on actual observations

of the pollen-stigma interaction.

Although the nearly 100% fruit production in homogeneous and

heterogeneous patches indicates that dispersion has no marked

influence on fertilization, this does not necessarily imply that pollen

How is independent of plant dispersion. It is possible that flowers in

homogeneous patches are receiving less pollen than those in hetero-

geneous patches, but the difference is not great enough to reduce

seed set. It is also possible that plants in the two types of patches

transmit different amounts of pollen; our methods could not detect

these differences. Even though dispersion does not appear to be a

critical factor in fruit production, it would be desirable to examine

the patterns of individual pollinator behavior (probably bumble-

bees) to determine the actual flow of pollen through a population.
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SUMMARY

By performing controlled pollinations, we determined that Mitch-

ella repens is heterostylous and perfectly self-incompatible in north-

eastern Massachusetts, with no evidence of evolution towards

dioecy. Incompatibility was found to be sporophytically controlled,

with the barrier to pollen tube growth in the stigmatic tissue.

A superficial investigation of pollen flow revealed no significant

relationship between pollen flow and the dispersion of pins and

thrums.
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